We tested the hypothesis that endogenous pulses of LH have a role in development and maintenance of CL during the estrous cycle of the bovine female. Twenty heifers were synchronized to estrus by treating two times with prostaglandin F 2 ,, 11 days apart (Day 0 = behavioral estrus). Heifers were then randomly assigned to one of four treatments (n = 5/group). Heifers were treated with an antagonist to LHRH (LHRH-Ant; N-Ac-D-Nal 
INTRODUCTION
CL secrete progesterone and are a required ovarian structure for maintenance of pregnancy in all mammals [1] . The preovulatory surge of LH causes formation of CL by inducing functional and morphological changes in thecal and granulosal cells of the ovulating follicle [1] . LH is characteristically released in a pulsatile fashion from the anterior pituitary during the estrous cycle of bovine females [2] . During the luteal phase, LH pulses are released relatively infrequently (1 pulse/6 h) compared to those during the follicular phase (1 pulse/1 h) of the estrous cycle. Differences in frequency of LH pulses are due to the effect of progesterone on the putative pulse generator in the hypothalamus. Little is known about the physiological importance of pulses of LH, particularly those that occur during the luteal phase of the estrous cycle. It is not clear how these pulses of LH affect development and subsequent maintenance of CL function. The notion that LH is the primary luteotropic agent in cattle was first introduced by Simmons and Hansel [3] . Several researchers subsequently reAccepted August 5, 1994. Received April 4, 1994 . 'Published as paper no. 10765, Journal Series, Nebraska Agr. Res. Div. This research was supported by USDA Animal Health Formula Funding, USDA CRGO 90-37240-5724 and appropriated funding of the State of Nebraska. ported that LH is important for normal luteal function in ewes [4] [5] [6] . Early research in ewes that were hypophysectomized at various stages of the estrous cycle demonstrated that the CL required LH support for secretion of progesterone [7] . CL were more independent of LH support during the early luteal phase, whereas on Day 10 (Day 0 = estrus), CL were more severely affected by withdrawal of luteotropic support. Further research in ewes indicated that in the absence of LH support, luteal weight was reduced [8] , and concentration of progesterone in circulation declined [5, 8, 9] .
Baird [1] provided evidence that CL were less dependent on LH support during the earlier portions of the estrous cycle than on Day 13, when ewes were treated with an antagonist of LHRH. Treatment with antagonist of LHRH on Day 13 of the estrous cycle caused immediate luteal regression and a subsequent decline in secretion of progesterone. Secretion of progesterone declined minimally, however, in ewes that were administered an antagonist of LHRH on Day 6 of their estrous cycle. However, further research with ewes indicated that treatment of ewes with a GnRH agonist for 29 days beginning on Day 1 of the estrous cycle subsequently abolished pulsatile release of LH but did not influence secretion of progesterone on Day 10 and Day 14 of the luteal phase [10] . Research with gilts has indicated that during the estrous cycle CL are autonomous, with LH producing negligible effects on circulating concentration of progesterone [11, 12] . Conversely, pulses of LH during the luteal phase of the estrous cycle in ewes, women, and mon- keys induced a concomitant increase in secretion of progesterone by CL [1, 13, 14] .
Information available on the role of pulsatile secretion of LH in luteal function is scarce. Therefore, the specific aim of the present experiment was to assess the effects of suppression of endogenous LH during the luteal phase of the estrous cycle on development and maintenance of CL in heifers.
MATERIALS AND METHODS
All procedures and protocols in this experiment were approved by the Institution Animal Care and Use Committee at the University of Nebraska-Lincoln. Twenty postpubertal beef heifers of composite breeding (1/4 Hereford, 1/4 Angus, 1/4 Pinzgauer, 1/4 Red Poll; 15 mo of age; 281 + 66 kg of body weight) were used in this study. Heifers were synchronized to a common day of estrus (Day 0 = day of behavioral estrus) with two i.m. injections of prostaglandin F 2 , (25 mg Lutalyse®; The Upjohn Co., Kalamazoo, MI) administered 11 days apart. Heifers were then randomly assigned to one of four treatments (n = 5/treatment). An antagonist to LHRH (LHRH-Ant SB-75: N-Ac-D-Nal [2] In a preliminary trial, this dose suppressed pulses of LH within 4 h and up to 24 h after treatment in an ovariectomized cow. All heifers were treated with the 5% mannitol vehicle on the days they were not treated with LHRH-Ant. Catheters were inserted into the jugular vein on Day 2 of the experiment. Blood samples were collected at 15-min intervals for 24 h on Days 2, 7, 12, and 17 of the estrous cycle to characterize patterns of pulsatile LH secretion. Blood was also collected twice daily from Day 0 to Day 24 of the experiment via jugular venipuncture or catheter depending on the day of collection to determine concentrations of progesterone in circulation throughout the estrous cycle.
Blood samples collected at 15-min intervals were allowed to clot at room temperature and then stored at 4°C until centrifugation at 1520 x g for 15 min. Serum was then decanted and stored at -20C until assayed for concentrations of LH. Samples collected twice daily were placed in tubes treated with 30% EDTA (50 jil for 10 ml blood sample; Fisher Scientific Co., Fair Lawn, NJ). To minimize degradation of progesterone, these samples were immediately stored at 4C and centrifuged within 4 h of collection at 1520 x g for 10-15 min. Plasma was then collected, and stored at -20 0 C until assayed for concentrations of progesterone.
Concentrations of LH in all samples collected serially were analyzed by RIA [15] using rabbit antiserum against ovine LH (TEA-RAoLH #35), highly purified ovine LH (LER-1374A) as radiolabeled tracer, and NIH-LH-B7 as standard [16] . Intra-and interassay coefficients of variation were 3.2% and 11.4%, respectively. Concentrations of progesterone in plasma were analyzed by RIA [17] . This procedure used a monoclonal antibody (02-9B4-94) to P 4 -11-BSA (BiosPacific, Emeryville, CA), progesterone-1 lot-hemisuccinate trimethyl ester (TME) as radiolabeled tracer, and progesterone (Sigma Chemical Co., St. Louis, MO) as standard. Intra-and interassay coefficients of variation for progesterone assays were 1.9% and 18.6%, respectively.
Function of CL was analyzed by measuring the aea under the profile for concentrations of progesterone in circulation during the luteal phase of the estrous cycle, with use of the planimeter function of Bioquant beginning on the first day of LHRH-Ant treatment for each treated heifer and ending on either Day 24 or the first day of luteolysis, whichever occurred first. Luteolysis was considered to have occurred when three consecutive samples contained less than 1 ng progesterone/ml of plasma. These areas Were then compared to areas from control heifers measured for the same time period.
Measurements of area under the profile for concentrations of progesterone in circulation during the luteal phase of the estrous cycle for heifers of each group treated with LHRH-Ant were compared statistically to those of controls by ANOVA using the general linear model procedure of SAS [18] . Mean and basal concentrations of LH (ng/ml) in serum, frequency of LH pulses (pulses/24 h), and amplitude of LH pulses were determined by using algorithms with G values of 4.8, 3.8, 2.6, 1.9, and 1.5 for G(1) through G(5), respectively (Pulsar software modified for the IBM-PC byJ.F. Gitzen and V.D. Ramirez, Urbana, IL).
Data regarding secretion of LH on Days 2, 7, 12, and 17 of the estrous cycle were fitted to a mixed linear model containing the fixed effects of treatment, day, treatment x day, and the random effect of heifer. Variance components were estimated by means of the REML algorithms of PROC MIXED in SAS [18] . Repeated measures were accounted for by assuming an autocorrelation error structure for residual error that estimates the correlation among repeated measurements on an individual heifer. Each group treated with LHRH-Ant was compared only to the control group on Days 2, 7, 12, and 17. Differences are indicated as being significant atp < 0.10,p < 0.05, orp < 0.01. plitudes of LH pulses than controls (p < 0.01, Tables 3 and   4 ).
RESULTS

Frequency of LH pulses was reduced in all heifers
The mean area under the profile for mean concentrations of progesterone during the luteal phase of the estrous cycle of heifers treated with LHRH-Ant on Days 2-7 was less (p < 0.05; 3.72 ± 0.93 and 7.36 + 1.02 units, respectively) compared to that of controls (Fig. 1) . Heifers treated with LHRH-Ant on Days 7-12 also had a reduced area under the profile for mean concentration of progesterone during the luteal phase of the estrous cycle (p < 0.01; 3.02 + 0.33 and 6.75 + 0.99 units, respectively) compared to controls (Fig.  1) . However, mean areas under the profile of progesterone in circulation of heifers treated with LHRH-Ant from Days 12-17 did not differ from those of controls (p > 0.10; 3.97 ± 1.02 and 4.27 + 0.80 units, respectively; Fig. 1 ).
DISCUSSION
Our objective of blocking pulsatile release of LH beginning on Days 2, 7, and 12 of the estrous cycle was accomplished by administration of a potent antagonist to LHRH. Our studies are the first to demonstrate the ability of LHRHAnt SB-75 to suppress pulsatile release of LH in heifers. This result is in agreement with Szende et al. [19] and Korkut et al. [20] , who detected a reduction in serum LH in athymic male nude mice and male rats treated with LHRH-Ant SB-75. Pulses of LH were not expected to be blocked beyond 24 h after the last treatment with LHRH-Ant. Pulses of LH remained suppressed, however, in all heifers treated with LHRH-Ant through the time of the last serial blood collection on Day 17 compared to LH pulses of controls. Repeated treatment with LHRH-Ant SB-75, may have resulted in a severe down-regulation of LHRH receptors at the anterior pituitary that extended beyond the treatment period [21] . Alternatively, suppression of pulses of LH beyond the treatment period may have resulted from depot stores of LHRH-Ant that may have developed from repetitive injections, thus leading to a slow and prolonged release of the antagonist.
More importantly, data from the present experiment provide evidence that pulsatile secretion of LH is involved in normal development and function of bovine CL. This conclusion is supported by early work of Simmons and Hansel [3] , who reported that LH serves as a luteotropic agent in the bovine. In the present experiment, pulsatile LH support was needed by developing CL (Day 2 to Day 12) for normal progesterone production. However, pulsatile secretion of LH after Day 12 was not needed to maintain function of CL as indicated by concentrations of progesterone in circulation. In contrast, Denamur et al. [7] and Baird [1] reported that early developing CL in ewes are more independent of LH support than mid-luteal phase CL (Day 10 to Day 13), and McNeilly and Fraser [10] found that absence of pulsatile secretion of LH did not influence secretion of progesterone on Day 10 and Day 14 of the estrous cycle. However, Baird [1] also noted that pulses of LH are followed by pulses of progesterone during the mid-and late luteal phases of the ovine estrous cycle, suggesting a distinct role of pulses of LH in luteal function.
Since pulses of LH remained suppressed beyond the treatment periods in the heifers given LHRH-Ant on Days 2-7 and Days 7-12, the timing of pulsatile LH suppression as well as the duration of LH suppression differed among treatment groups. Duration of LH deprivation rather than timing could possibly explain the resultant depressed luteal function. However, the mean progesterone profile of heifers treated with LHRH-Ant on Days 7-12 ( Fig. 1) indicates that progesterone secretion was suppressed within three days after treatment compared to that in controls. This indicates that suppression of pulses of LH alters luteal function in a relatively short time span and that six days of treatment with antagonist was not necessary to suppress luteal function if administration occurred during this part of the estrous cycle. Among those heifers treated with LHRH-Ant on Days 12-17, there appeared to be an enhanced secretion of progesterone on Days 21-24 of the estrous cycle compared to that of controls. This increased concentration of progesterone can be attributed to a single heifer given LHRH-Ant on Days 12-17 that exhibited an extended life span of the CL.
Interestingly, although endogenous-secretion of LH pulses was blocked from the beginning of the three time periods (Days 2, 7, and 12), basal levels of LH remained in circulation. Basal concentrations of LH were also detected in a biological assay of LH using mouse Leydig cells [22] . This basal secretion of LH probably contributed to development and maintenance of CL, although at a reduced level, in heifers treated with LHRH-Ant on Days 2-7 and Days 7-12. These basal concentrations of LH, however, were not sufficient luteotropic support to develop fully functional CL. Cows se-crete LH in pulses and not in a tonic pattern, and on the basis of data from the present study, pulses of LH are important if fully functional CL are to develop in bovine females. Perhaps chronic supplementation of LH would be sufficient to promote normal function of CL, but chronic administration of LH does not mimic the physiological pattern of LH secretion in cows.
Numerous theories can be developed as to how function of CL is altered in the absence of pulsatile LH support. In addition to suppression of LH, the LHRH-Ant may have suppressed secretion of FSH, which in turn may have had an impact on luteal function. However, at present no research in cattle has demonstrated a role for FSH in luteal development or function. Similarly, unknown factors within the bovine endocrine system may have been altered by treatment with LHRH-Ant and subsequently may have affected luteal function.
A more logical explanation of how LH suppression affects luteal function requires focusing on the cellular and morphological components of bovine CL. In cattle and some other species, two distinct steroidogenic cell types, large and small luteal cells, are known to be the main steroidogenic components of CL [23] [24] [25] . In cattle and sheep, large luteal cells arise primarily from the granulosal cells of the follicle, whereas small luteal cells develop from thecal interna cells and in turn can differentiate into large luteal cells as CL develop [23] [24] [25] [26] [27] [28] . Small luteal cells in ovine species contain greater numbers of LH receptors than large luteal cells and respond by secreting more progesterone when stimulated with LH [24] . We speculate that in the present experiment, with the absence of LH support from Days 2 through 12 of the bovine estrous cycle, small luteal cells were not provided the stimulation to secrete progesterone and without LH were incapable of developing into large luteal cells. Because of reduced numbers of large steroidogenic luteal cells, the capacity of CL to secrete progesterone was hindered throughout the remainder of the luteal phase.
In the absence of pulsatile LH support from Days 12 through 17 in the present experiment, CL continued to function normally, secreting progesterone in concentrations similar to those of controls. This result is consistent with the expectation that an abundant population of large cells is derived from small luteal cells and that these large cells do not require LH for progesterone secretion [24] . Additionally, Milvae et al. [29] removed granulosal cells from preovulatory follicles and found a reduction in secretion of progesterone similar to that detected in heifers treated with LHRH-Ant on Days 2-7 and Days 7-12. Our research would then suggest that when pulsatile LH support is removed from the developing and early-formed CL (Days 2-12), insufficient numbers of large luteal cells are formed; therefore, CL function as indicated by progesterone secretion is reduced. We believe, then, that LH support is needed by CL from Days 2-12 of the estrous cycle so that CL can be formed that are capable of secreting progesterone at levels typical for a bovine female. The next step in elucidating the role of LH pulses in CL function is to determine what morphological changes of CL occur, such as shifts in populations of small and large luteal cells, in the absence of LH pulses at various stages of the bovine estrous cycle.
